Executive Summary
Numerous Information and Communication Technology (ICT) indicators are measured by the International Telecommunication Union (ITU) and used as elements of composite indicators. The present paper seeks to improve the measurement of one of the most widely used, the indicator 'proportion of individuals using the Internet'. Errors in such base indicators ripple through the system causing significant errors in composite indicators, and should be minimized.
There are significant shortcomings in the current method of estimating the proportion of Internet users in countries where demand-side data are unavailable. In the absence of demand-side surveys, governments calculate the proportion of Internet users based on the number of subscriptions and a multiplier, which leads to unrealistic values. The reported number of subscriptions is also often inaccurate.
This paper explores the possibility of using the readily available income and education components of the Human Development Index (HDI) to define a new index that will provide a more accurate estimate of the proportion of individuals using the Internet. A regression analysis, between Internet users per 100 and this new index, for countries where demand-side surveys have been conducted shows a strong correlation between the two.
Using these data, a model was derived which enables the estimation of the proportion of individuals using the Internet given the income and education level. It is proposed that this evidence based estimation method be used in the absence of demand side surveys instead of arbitrary multipliers provided by country administrations. If national circumstances justify higher numbers, that should be supported by a demand-side survey. The proposed method will create incentives for the conduct of national demand-side surveys.
Introduction
With the growth of information and communication technologies (ICTs) , and their enormous contribution to economic and social progress of countries, there is an increasing demand for accurate measurement of ICT access and use (Calderaro, 2009 , ITU, 2011b . Within countries, ICT indicators are used to assess progress made. Indicators of performance must be specified in terms of internationally accepted definitions and capable of comparative assessment, especially in the context of a rapidly expanding sector such as ICT.
Annex 2 shows a set of core indicators, based on the availability of comparative data from the International Telecommunication Union (ITU) for benchmarking. The ITU relies on the likes of National Statistics Organisations (NSO) and National Regulatory Authorities (NRA) to provide data in response to questionnaires. The data collection itself poses shortcomings due to the various methodologies used to collect the same indicator and often the lack of reliable data sources.
The present paper places the greatest emphasis on 'proportion of individuals using the Internet'. This is partly due to the challenges of arriving at accurate and realistic estimates in the absence of up-to-date, representative survey data from countries (Beilock & Dimitrova, 2003 , Donner & Toyama 2009 , Donat, Brandtweiner & Kerschbaum, 2009 . It is also a base indicator that is used in composite indices such as the IDI (ICT Development Index), NRI (Network Readiness Index), Digital Economy Index (previously ereadiness Index) and KEI (Knowledge Economy Index) (Dutta & Bilbao-Osorio 2012 , Economist Intelligence Unit, 2010 , ITU 2011b . It is obviously an important, and indeed indispensable, indicator when all eyes are on the emergence of an Internet Economy. Errors in such base indicators ripple through the system, sometimes diluted and sometimes accentuated. Therefore, it is imperative that best efforts be made to ensure that errors are minimized. This paper focuses on developing a new evidence-based methodology to estimate the proportion of individuals using the Internet in the absence of demand side surveys.
In addition to being a base indicator for composite indices used to assess countries' ICT policies, Internet user penetration is also used to assess the achievement of target eight (developing a global partnership for development) of the Millennium Development Goals 1 (UN, 2010) . It is also a key indicator in measuring the World Summit on the Information Society (WSIS) 2 Target 10 which seeks to "Ensure that more than half the world's inhabitants have access to ICTs within their reach and make use of them" (ITU, 2011c).
Factors that affect Internet penetration
In 1963, Jipp established a strong correlation between teledensity and economic development (Jipp, 1963) . While this was based on telephone penetration, its relevance can be extended to Internet penetration today. In addition to income, an Internet user also must be literate in order to be able to make the maximum use of the Internet (Chaudhuri, Flamm & Horrigan, 2005 , Hilbert 2012 ).
Hilbert & Peres conducted a multivariate discriminative analysis of ten attributes (including Education, Income, Household Size, Age, Gender and Ethnicity) in South American countries, testing for household Internet access penetration. They concluded that the main factors driving Internet penetration are income and education (Hilbert & Peres 2010) .
In addition, according to the ITU survey data, countries with high income have the highest Internet and computer penetration. A correlation between the education level and proportion of individuals using the Internet exists in the countries which have conducted representative-sample surveys on Internet use (ITU 2011b). 
Problems with the current method of estimating Internet users
The most reliable way of measuring the proportion of individuals using the Internet is through demandside or household surveys (ITU 2011a Theoretically, the Number of Internet Subscriptions should be the sum of internet subscriptions of all types/technologies and all speeds including both fixed (wired) and mobile (wireless) Internet subscriptions. However, this method of adding subscriptions could lead to significant over-counting. Furthermore, mobile broadband subscriptions are measured by the indicator "Standard mobile subscriptions with use of data communications at broadband speeds" (indicator 271mb_use, as per ITU 2010a). This measures subscriptions with potential access rather than actual active subscriptions. In the past few years, OECD countries have started to report active mobile broadband subscriptions (i.e. mobile broadband subscriptions which have been used at least once every quarter), but many other countries still report on the number of data enabled SIMs.
While some countries over-report, in other countries this indicator is under-reported due to the use of mobile data from post-paid connections. For example in Sri Lanka, all SIMs provided by a major operator are data enabled. Therefore, even without a specific data plan, any customer with a datacompatible mobile phone can use the Internet, but they are not all counted by the operator and thus not reported. As a result, data have become incomparable across countries, with some countries reporting potential access, others active use and yet others none at all. The ITU is currently trying to harmonize these different types of data and has requested countries to report only active mobile broadband connections (ITU, 2011b) .
In addition to the issues of estimating the total number of subscriptions, ITU allows national administrations to use multipliers at their discretion to estimate the number of users from the number of subscriptions. This may be to account for differences in family size and use of Public Internet Access Points, but there is no guidance or consistency. However ITU is trying to discourage this practice. In 2010 ITU stopped collecting the 'number of Internet users' and is rather collecting the 'proportion of Internet users' (from the total population). This intends to send the message to countries that the proportion should come from sample surveys or censuses. Even if the indicator is expressed as a proportion, many countries are still using the multiplier to calculate it. Therefore, naturally, a question may be raised on the possibility of larger multipliers being used to show a higher number of Internet users in a country. For example, the database shows that Afghanistan used a multiplier of 500 (2,000 Internet subscriptions and 1,000,000 Internet users in 2009, subscription data for 2010 is not available for Afghanistan to compare). This is in contrast to the multiplier of 13 used by Burundi, a somewhat similarly situated country (5,000 subscriptions and 65,000 users, also in 2009).
Given these significant problems, a different methodology to estimate Internet penetration is proposed in this study.
Alternative method of estimating proportion of individuals using the Internet

Methodology
The hypothesis that the multiplier is inversely correlated with income level and declines as country income level increases was the original basis of the study (Samarajiva & Lucas 2010) . The hypothesis was based on the fact that more people from lower-income countries access the Internet from Public Internet Access Points (PIAP), while in higher-income countries most people have Internet at home. As such, more Internet users per subscription are likely in lower-income countries, with the number inversely correlated to income level.
However during the research, difficulties in estimating total number of Internet subscriptions were identified as described in section 1.2. Since summing fixed and mobile subscriptions leads to significant over counting, initially only fixed Internet subscriptions were considered as the total. Especially in the developing world, the use of mobile Internet is very high (Wortham, 2010 , Gillwald & Stork 2008 . Therefore using only fixed subscriptions would be inaccurate. In Kenya for example 99% of Internet subscriptions are mobile including GPRS, EDGE and 3G mobile (ITU, 2011b).
In section 1.1 it was observed that income and education are the main factors influencing Internet penetration. Therefore the possibility of imputing the proportion of individuals using the Internet for countries which have not conducted demand-side surveys, based on their income and education level was explored, instead of trying to improve the multiplier.
A regression analysis was carried out on the actual proportion of individuals using the Internet (for countries where demand side surveys on Internet use have been conducted) and an Index created only using the Education and Income components of the Human Development Index (HDI). HDI was developed by United Nations Development Programme (UNDP) by combining indicators of life expectancy, educational attainment and income into a composite human development index.
The new index (HDI_EdGNI) was created using only the education and income components of HDI since there is no evidence that Internet penetration is correlated with life expectancy. In HDI_EdGNI, income and education are given equal weight 3 . The education component of the HDI is measured by mean of years of schooling for adults aged 25 years and expected years of schooling for children of school-going age. The income component is measured by GNI per capita (PPP$). The HDI uses the logarithm of income, to reflect the diminishing importance of income with increasing GNI (UNDP, 2011). For countries which conducted a survey, the average variance between the model and survey was found to be around seven percentage points. Therefore it seems reasonable that the proportion of individuals using the Internet should fall within a band of +/-7 percentage points from the figures calculated by the new model. Therefore, it is recommended that for countries which have not conducted demand-side surveys, the proportion of individuals using the Internet estimated by country administrations should be restricted to be within +/-7 percentage points from the model prediction.
Internet user penetration-rate estimation procedure
ITU has an obligation to identify, define, and produce statistics covering telecommunication/ICT sector internationally (ITU EYE, ICT Statistics Database). It is also the official dataset used in calculating the ICT indices mentioned in section 1. Annually the ITU sends questionnaires to all countries to report on ICT indicators including proportion of individuals using the Internet. It is proposed that the ITU adopt the following procedure to estimate the 'proportion of individuals using the Internet'.
If the country has conducted a demand-side survey on the proportion of individuals using the Internet, in the given year, then its result should be used. Else, if another regional organisation such as RIA has conducted a representative survey for the corresponding year, its result should be used. In instances where the country has conducted surveys previously, but does not have survey data for the current year, the Internet user penetration for the corresponding year should be estimated assuming steady growth based on historical survey data. In the case there is only a single demand-side survey; the growth rate of a similar country in the region with similar GNI and education level should be used. In case a country has never conducted a demand-side survey, the ITU should calculate the HDI_EdGNI for the country, and impute the estimated proportion of individuals using the Internet through the equation 1 using HDI_EdGNI as x. If the penetration rate given by the country administration is within the +/-7 percentage point band of the new calculated estimate, then the figure provided by the country administration should be used, else the new figure generated by the new (proposed) method should be used. Figure 4 illustrates this procedure. This reduces the inconsistency in the way the Internet penetration is calculated. It is a more scientific method. Country administrations will continue to send the penetration rate, but subjects them to safeguards in the form of approximate bands derived from objective data. Countries that want to overcome this limitation will be encouraged to conduct demand-side surveys.
The model can and should evolve with time; especially as people obtain more Internet connections in the home and more countries conduct demand-side surveys. This will enable the formula to be sharpened. Therefore, it is necessary to re-analyse the existing demand-side Internet user data with education and income components of the HDI and create a new model to estimate the proportion of Internet users annually. This can be done soon after the UNDP publishes the HDI index at the end of each year. 
The impact of the new methodology on existing proportion of internet users reported by ITU
The new methodology is a minor modification except for countries which seem to have significant over or under counts of Internet penetration unsupported by evidence. The estimated proportion of individuals using the Internet according to the new method is in Annex 1. Figure 5 shows that most of the numbers reported by the ITU and the new methodology are the same (as shown by the diagonal). The outliers are highlighted. The largest discrepancies between ITU data and data from the new method exist in many of the Caribbean Islands, where the ITU figures are around 50 -80%. According to the survey data, the average penetration rate for Caribbean Islands is around 20 -40%, which is closer to the figures obtained by the new method. Therefore, the new method seems to be giving an estimate closer to the actual figures. There are also a number of African countries where ITU data and data through the new method are different, since the RIA data has been included (marked in dark blue). 
Implications for ICT indicators
The entire enterprise of collecting and disseminating ICT indicators is in crisis. The basic methods of data collection were designed for monopoly provision of a limited set of services by government-owned or regulated entities, known quaintly as "administrations." Since the reforms of the past three decades, 4 the markets for ICT services have grown in complexity with multiple suppliers striving to meet consumer needs in workably competitive settings. New business models have emerged yielding a range of pricequality bundles in a range of services unimaginable in the monopoly days. ICT service markets have begun increasingly to resemble fast moving consumer goods (FMCG) markets rather than supplier 4 It is customary to anchor the start of the reform wave to 1984 when three major events, the AT&T Divestiture in the US, the privatization of British Telecom, and the partial privatization of NTT in Japan, occurred. Libya Cuba dominated public-utility markets. In particular, the Budget Telecom Network Model for mobile voice services, a new business model that first emerged in South Asia and is now rapidly spreading throughout the developing world (Samarajiva, 2009) , has made the conventional associations between subscribers and users obsolete. For example, this model leads to practically giving away SIMs or connections, making untenable the ITU definition of a mobile subscription. For exam owners in Socio-Economic Classifications D and E (the bottom of the pyramid, or BOP) in Pakistan were reported in 2008 as having more than one active SIM, with some even reporting as many a active SIMs (see Figure 5) . In recogniti subscribers, as it previously did. 
With the ICT sector increasingly beginning to indicators simply do not work. New retail
In the future, the measurement of number of Internet subscriptions will become obsolet advent of fourth generation (4G) telecommunication networks, and possibly even earlier with the use of applications such as Gtalk on smartphones on 3G networks. In 4G networks voice and data will be converged and it will not be possible for net wanted to, which is doubtful because voice will be simply one bundled data application. This future is foretold by the difficulties of calculating mobile broadband even in a 3G environment in S proposed method could still be used impossible to differentiate between voice and data. On the supply side it may be necessary to develop a new indicator on the volume of data per user instead of number of Internet and mobile subscriptions.
Conclusion
This paper suggests an evidence-based alternative method using the Internet using readily available income and education data (com proposed method does not drastically change countries as can be seen from Annex 1 across all countries without demand This method operationalizes the principle that including representative survey results from regional research organisations such as RIA, even if they are not identical to the results provided by the country administrations. egregious uses of high multipliers and the problems of accurately estimating the total subscriptions in a country. It is based on income and e (Hilbert 2012 , ITU 2011b as the main drivers of It creates strong incentives for countries to conduct demand constraint of the mathematically derived estimate. If a national a higher proportion of Internet users than the model predicts, all it has to do is to conduct a demand survey to prove it. utility markets. In particular, the Budget Telecom Network Model for mobile voice services, a new business model that first emerged in South Asia and is now rapidly spreading world (Samarajiva, 2009) beginning to resemble the FMCGs, the old supply-side data dominated ew retail-audit type data collection mechanisms have yet to emerge.
In the future, the measurement of number of Internet subscriptions will become obsolet advent of fourth generation (4G) telecommunication networks, and possibly even earlier with the use of applications such as Gtalk on smartphones on 3G networks. In 4G networks voice and data will be converged and it will not be possible for network operators to differentiate between the two, even if they wanted to, which is doubtful because voice will be simply one bundled data application. This future is foretold by the difficulties of calculating mobile broadband even in a 3G environment in S proposed method could still be used to estimate the proportion of Internet users, even after it becomes impossible to differentiate between voice and data. On the supply side it may be necessary to develop data per user instead of number of Internet and mobile subscriptions.
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principle that demand-side data is first best and therefore suggests survey results from regional research organisations such as RIA, even if they esults provided by the country administrations. It also removes the most of high multipliers and the problems of accurately estimating the total subscriptions in a income and education levels which have been considered by many researchers (Hilbert 2012 , ITU 2011b as the main drivers of Internet use.
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